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SUMMARY 


Protein  and  oil  percentages  in  soybean  (Gly- 
cine max  (L.)  Merrill)  seed  meal  were  determined 
by  an  infrared  light  reflectance  instrument  (IR) 
and  compared  with  standards  for  protein  analysis 
by  Kjeldahl  and  oil  analysis  by  the  Soxhlet  pet 
ether  extraction  method.  Within  the  ranges  for 
which  the  IR  instrument  is  calibrated,  it  will  do 
a  satisfactory  job. 


The  correlation  coefficient  between  IR  protein 
and  Kjeldahl  protein  determinations  of  the  soy- 
bean seed  meal  used  in  the  calibration  was  0.995, 
and  the  correlation  coefficient  between  IR  oil  and 
Soxhlet  pet  ether  extraction  of  oil  was  0.983. 
Tests  of  independent  soybean  samples  gave  cor- 
relation coefficients  between  IR  protein  and  Kjel- 
dahl protein  of  0.971  and  between  IR  oil  and 
Soxhlet  pet  ether  extraction  oil  of  0.977. 


INTRODUCTION 


The  official  American  Oil  Chemist  Society 
(AOCS)  methods  for  protein  and  oil  determina- 
tions are  by  Kjeldahl  and  Soxhlet  pet  ether  ex- 
traction,3 respectively.  However,  the  recent  appli- 
cation of  infrared  spectral  reflectance  (IR)  opens 
a  new  area  in  chemical  grain  analysis.  Dr.  K.  H. 
Norris,  Agricultural  Research  Service,  Instrumen- 
tation Research  Laboratory,  Beltsville,  Md.,  de- 
serves much  of  the  credit  for  the  pioneering  work 


that  is  responsible  for  the  spectral  reflectance 
method. 4  5  r>  7  8 

An  earlier  report7  has  described  the  use  of  an 
IR  reflectance  instrument  for  the  use  of  protein 
and  oil  estimations  made  by  the  DiCKEY-john 
Corporation  of  Auburn,  111.  In  this  publication, 
reported  is  the  calibration  of  an  infrared  light 
reflectance  instrument  made  by  Neotec  Instru- 
ments, Inc.  of  Rockville,  Md. 


MATERIALS  AND  METHODS 


The  infrared  light  reflectance  instrument  used 
for  this  study  was  a  Neotec  Infrared  Quality 
Grain  Analyzer  Model  32-E-2000.  The  instrument 
is  housed  in  a  room  that  is  maintained  at  25°  C 
with  a  relative  humidity  of  45  to  62  percent. 
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From  each  of  40  bulk  samples  (1800  gm  each) 
of  viable  seed  collected,  approximately  100  gms 
of  each  sample  were  used  in  the  calibration  of  the 
instrument.  Nitrogen  analysis  was  done  by  the 
Kjeldahl  method,3  and  the  nitrogen  values  were 
multiplied  by  the  factor  6.25  to  give  estimates  of 
percent  protein.  Oil  analysis  was  done  by  Soxhlet 
pet  ether  extraction.3  All  analyses  were  dupli- 
cated and  will  be  referred  as  standard  laboratory 
values. 

The  IR  instrument  was  calibrated  to  determine 
protein  and  oil  percentages  in  the  range  of  5  to  9 
percent  moisture  content  of  the  meal.  This  was 
accomplished  by  dividing  the  40  samples  into  5 
moisture  groupings.  The  first  group  of  seeds  had 
their  moisture  content  adjusted  to  between  4  and 
5  percent;  the  second  group  between  5  and  6 
percent;  the  third  between  6  and  7  percent;  the 
fourth  between  7  and  8  percent;  and  the  fifth 
between  8  and  9  percent. 

When  the  moisture  content  of  the  seeds  had 
to  be  raised,  the  whole  seeds  were  placed  in  a 
Stults  Scientific  Seed  Germinator  at  25  CC  and 
99.9  percent  humidity.  When  the  moisture  con- 
tent of  the  whole  seeds  had  to  be  lowered,  the 
whole  seeds  were  placed  in  a  Thelco  oven  at  27°. 
In  either  case,  the  whole  seeds  were  checked  at 
hourly  intervals  and  the  moisture  content  was 
determined  by  the  official  AOCS  method.3  Ap- 
proximately 20  grams  of  seeds  were  used  in  this 
step. 

After  the  whole  seeds  had  been  adjusted  to  the 
proper  moisture,  20  grams  of  seeds  were  ground 
in  a  Mitey-Mill  (Stur-Dee  Health  Products,  Co., 
Inc.,  Island  Park,  N.Y.)  for  35  seconds.  The  meal 
was  mixed  thoroughly  and  placed  to  overflowing 
into  the  Neotec  sample  cup.  The  meal  was  leveled 
with  a  spatula  and  placed  into  the  spring  loaded 


compressor  and  tightened.  The  entire  cup  was 
cleaned  outside  and  then  placed  into  the  loader 
drawer  and  the  drawer  closed.  Readings  for  pro- 
tein, oil  and  moisture  were  read  directly  from  the 
instrument.  In  the  calibration  steps  these  are 
termed  C  readings. 

The  40  standard  laboratory  values  for  protein, 
oil  and  moisture,  along  with  the  respective  40 
Neotec  C  readings  were  used  in  solving  the  fol- 
lowing equations  to  obtain  a  least  squares  mul- 
tiple regression. 

Protein  %  =  K0  +  K.C,  +  K2C2  +  K3C,  (1) 
Oil  %  =  K0  +  +  KgC2  +  KsCs  (2) 

Moisture  %  =  K0  +  K.C,  +  KgCs  +  K,C,  (3) 
K0  is  the  intercept  and  Ku  K2  and  Ks  are  the 
regression  coefficients  associated  with  C1}  C2  and 
C3,  respectively. 

Included  for  calibration  purposes  were  180 3 
rotation  Neotec  C  readings  for  each  of  the  40 
standard  samples.  Rotation  of  the  cup  180  "  gives 
insurance  that  the  machine  is  reading  samples 
consistently  and  that  the  sample  has  been  pre- 
pared properly. 

After  the  K  values  are  solved  for  each  of  the 
three  constituents,  the  respective  K  values  were 
placed  in  the  instrument  and  the  40  samples  were 
rerun.  The  average  value  for  a  constituent  from 
all  the  samples  from  the  standard  laboratory 
values  and  from  the  values  obtained  from  the  IR 
instrument  should  be  approximately  the  same. 
If  they  are  not,  the  K0  may  be  adjusted  accord- 
ingly to  obtain  a  better  fit. 

Duplicate  Kjeldahl  nitrogen  and  Soxhlet  pet 
ether  oil  extractions  were  also  carried  out  on  45 
independent  soybean  samples  and  then  the  pro- 
tein and  oil  percentages  of  the  45  independent 
samples  were  determined  by  the  calibrated  IR 
instrument. 


RESULTS  AND  DISCUSSION 


Figure  1  shows  the  relationship  between  the 
40  standard  laboratory  protein  percentages  and 
the  corresponding  40  calculated  protein  percent- 
ages (calculated  from  equation  1) .  The  coefficient 
of  determination  (r2)  for  the  multiple  regression 
equation  was  0.986.  The  standard  deviation 
(mean  squared  deviation  from  regression)  was 
0.8425. 

Figure  2  shows  the  relationship  between  the 
40  standard  laboratory  oil  percentages  and  the 
corresponding  40  calculated  oil  percentages  (cal- 


culated from  equation  2).  The  coefficient  of  de- 
termination (r2)  for  the  multiple  regression  equa- 
tion was  0.972.  The  standard  deviation  (mean 
squared  deviation  from  regression)  was  0.6541. 

The  standard  laboratory  values  for  the  40  sam- 
ples used  in  the  calibration  of  the  instrument 
ranged  from  28.8  to  51.4  percent  for  protein  and 
from  15.0  to  27.2  percent  for  oil.  After  initial 
readings  were  obtained  from  the  instrument  for 
the  40  samples,  the  K0  readings  for  protein  and 
oil  were  adjusted  as  mentioned  in  Materials  and 
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IR  protein  was  then  compared  with  Kjeldahl 
protein  and  IR  oil  with  Soxhlet  oil  of  45  inde- 
pendent soybean  samples.  Table  1  gives  the  Kjel- 
dahl protein  and  Soxhlet  oil  values  along  with  the 
corresponding  IR  values.  Protein  in  the  45  sam- 
ples ranged  from  32.0  to  50.2  percent  and  the  oil 
from  15.2  to  26.6.  The  correlation  coefficient  be- 
tween IR  protein  and  Kjeldahl  protein  and  be- 
tween IR  oil  and  Soxhlet  oil  were  0.971  and 
0.977  respectively. 

The  IR  instrument  provides  another  means  of 
estimating  protein  and  oil  in  soybean  seeds  when 
the  seeds  have  been  ground  into  meal.  After  cali- 
bration of  the  instrument,  the  operation  of  the 
instrument  is  relatively  simple  and  straightfor- 


ward. We  have  found,  however,  that  grinding  of 
the  sample  is  a  critical  factor.  This  fact  is  obvious 
because  the  instrument's  accuracy  depends  on 
light  reflectance  off  of  the  sample's  surface. 

Once  the  operator  outlines  a  standard  working 
procedure,  within  the  range  of  protein  and  oil  for 
which  the  instrument  is  calibrated,  the  instru- 
ment will  do  a  satisfactory  job.  When  in  opera- 
tion, the  instrument  automatically  displays  to 
the  operator  the  percent  protein,  percent  oil,  and 
percent  moisture  of  the  sample  in  the  cup.  Though 
only  having  calibrated  the  instrument  for  soy- 
bean meal,  the  instrument  could  also  be  used  for 
other  grains  if  properly  calibrated.  One  conven- 
ient feature  of  the  IR  instrument  is  that  at  no 
time  do  the  samples  have  to  be  weighed. 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
AGRICULTURAL  RESEARCH  SERVICE 
NORTH  CENTRAL  REGION 
PIONEER  INDUSTRIAL  PARK 
2000  WEST  PIONEER  PARKWAY 
PEORIA.  ILLINOIS  61614 


OFFICIAL  BUSINESS 
PENALTY  FOR  PRIVATE  USE.  $300 


POSTAGE  AND  FEES  PAID 
U.  S.  DEPARTMENT  OF 
AGRICULTURE 
AGR  101 


